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Abstract
We calculate the part of the order 
2
s
correction to the semileptonic heavy
quark decay rate proportional to the number of light quark avors, and use
our result to set the scale for evaluating the strong coupling in the order 
s
term according to the scheme of Brodsky, Lepage and Mackenzie. Expressing
the decay rate in terms of the heavy quark pole mass m
Q
, we nd the scale
for the MS strong coupling to be 0:07m
Q
. If the decay rate is expressed in




) then the scale is 0:12m
Q
. The
implications for the value of jV
bc
j extracted from the inclusive semileptonic B





Inclusive semileptonic B decay has received considerable attention both theoretically
and experimentally. In the limit where the b quark mass is much larger than the QCD
scale the B meson decay rate is equal to the b quark decay rate [1]. Corrections to this






and these nonperturbative corrections may be written in











semileptonic B decay rate provides a method for determining the magnitude of the element
of the Cabibbo{Kobayashi{Maskawa matrix V
cb
















































are the pole masses of the b and c quarks, f(x) is dened by











takes into account the eects of the charm quark mass on the order 
s
contribution







In Eq. (1) the scale of the strong coupling 
s
is usually taken to be  m
b
. The size of the
order 
s
correction depends critically on this choice. If all of the higher order terms in the

s
expansion were known then the decay rate would be independent of the choice of scale.
However, some choices of scale give perturbation series that are badly behaved with higher
orders in the coupling being very important. Brodsky, Lepage and Mackenzie (BLM) [5]
have advocated choosing the scale so that vacuum polarization eects are absorbed into the
running coupling. This physically appealing choice of scale usually results in a reasonable






to determine the BLM scale appropriate for semileptonic heavy quark
decay.
Smith and Voloshin [7] have recently shown that the n
f
dependent part of the order 
2
s
contribution to the semileptonic decay rate for a heavy quark may be written in terms of









































() is the order 
s






) is the strong coupling evaluated in the V -scheme of Brodsky, Lepage and







































decay with a massless quark




. The contribution of the graphs containing a virtual
gluon loop to the dierential rate d =dt with a massive gluon was calculated analytically
while the integral over the c quark energy in the bremmstrahlung graphs was performed
numerically. The infrared divergences were shown explicitly to cancel in the sum, and the
nal integral over the gluon mass was performed numerically. Finally, the t integral was
also performed numerically to obtain the correction to the total rate. In the t! 0 limit we













































































































In Eq. (6) the term proportional to n
f
can be absorbed into the order 
s
term if the





















The BLM scale for inclusive heavy quark decay is therefore signicantly smaller than the
nave estimate of m
Q
. In Fig. 1 we plot the BLM scale for the dierential rate d =dt as










. As would be expected on physical grounds, 
BLM
decreases as the
invariant mass of the lepton pair increases.
The expression for the width found in Eq. (6) is given in terms of the pole mass m
Q
of
the heavy quark. The BLM scale 
BLM
is dierent from that found in Eq. (7) if the rate is





























































































Now the scale 
BLM

















It has been argued [7] that a low BLM scale, indicating large two-loop corrections, would
be expected when relating a \long-distance" quantity such as the heavy quark pole mass
to the \short-distance" decay rate. However, our results show that even if the \short-
distance" MS heavy quark mass is used, the BLM scale 
BLM
for the order 
s
correction
to semileptonic heavy quark decay is still signicantly less than m
Q
. For b decay the scale
is about 500 MeV and for c decay rate it is only about 150 MeV. For b ! ce
e
decay
our calculation neglected the charm quark mass. Including it may lead to a somewhat
smaller scale since it reduces the amount of phase space available in the bremmstrahlung
graph. These low scales suggest that QCD perturbation theory cannot be used for inclusive
4
semileptonic D or 
c
decay and that an accurate extraction of jV
cb
j from the inclusive






(and perhaps even higher orders in 
s
) in the theoretical expression for the semileptonic
decay rate.
We also note that the BLM scale for inclusive semileptonic heavy quark decay is some-
what smaller (relative to the heavy quark mass) than the analogous scale for hadronic 










































Therefore, although inclusive  and c decays involve comparable energy scales, perturbative
QCD is likely to be at best applicable only to the former.
The small scale we have found may also be relevant to the B meson semileptonic branch-




nonleptonic decay rate proportional to n
f
. This work is in progress.
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Figure Captions
1. The BLM scale for the partial width d =dt (in terms of the pole massm
Q
) as a function
of the lepton pair invariant mass squared t.
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Figure 1
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